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SUMMARY 

The noise of a counterrotation propeller at angle of attack was measured 
In the NASA Lewis 8- by 6-Foot Supersonic Wind Tunnel at cruise conditions. 
Noise Increases of as much as 4 dB were measured at positive angles of attack 
on the tunnel side wall, which represented an airplane fuselage. These noise 
Increases could be minimized or eliminated by operating the counterrotation 
propeller with the front propeller turning up-inboard. This would require 
oppositely rotating propellers on opposite sides of the airplane. Noise anal- 
yses at different bandwldths enabled the separate front- and rear-propeller 
tones, as well as the total noise, at each harmonic to be determined. A 
simplified noise model was explored to show how the observed circumferential 
noise patterns of the separate propeller tones might have occurred. The total 
noise pattern, which represented the sum of the front- and rear-propeller tones 
at a particular harmonic, showed trends that would be hard to Interpret without 
the separate- tone results. Therefore It Is Important that counterrotation 
angle-of-attack noise data be taken In such a manner that the front- and rear- 
propeller tones can be separated. 


INTRODUCTION 

The noise generated by advanced fuel-conservative turboprops may create a 
cabin environment problem under cruise conditions. This noise may Increase 
when the propellers are operated at angle of attack. Such Increases have been 
observed on a subsonic single-rotation propeller by Tanna (ref. 1) and have 
been measured at cruise conditions for supersonic-tip-speed single-rotation 
propellers In the NASA Lewis 8- by 6-Foot Supersonic Wind Tunnel (refs. 2 and 
3). The angle-of-attack noise of a counterrotation propeller at takeoff con- 
ditions has been measured by Block (ref. 4). 

To evaluate how angle of attack affects the noise from a counterrotation 
advanced propeller at cruise, the F7-A7 counterrotation propeller model was 
tested In the Lewis 8- by 6-Foot Supersonic Wind Tunnel at 2° and 4° angles of 
attack. This report presents these data and analyzes In detail the spectral 
noise effects. 


APPARATUS AND PROCEDURE 
Propeller 

A counterrotation propeller model (fig. 1), designated F7-A7, was used for 
these experiments. The front propeller Is nominally 62.2 cm (24.5 In.) In 
diameter, and the aft propeller Is 60.7 cm (23.9 In.) In diameter. Each pro- 
peller has eight blades. See table I for the design characteristics. The 


propeller was operated at the design Mach number (0.72) and rotational tip 
speed (238 m/sec; 780 ft/sec) and at blade setting angles of 58.5° on the front 
propeller and 55.7° on the aft. 


Acoustic Measurements 

Pressure transducers (fig. 2) were embedded In a plate suspended from the 
wind tunnel celling and were mounted flush In the wind tunnel side wall through 
the tunnel bleed holes (fig. 1). A plate (fig. 3) able to translate up and 
down from the tunnel celling was positioned 91.4 cm (36 In.) above the tunnel 
centerline, which was also the propeller centerline at 0° angle of attack. 

Five transducers (IP to 5P) were Installed In the celling plate and five (1W 
to 5W) In the side wall (representing the fuselage) at the angles shown In 
table II. 

The counterrotation propeller was operated with the Individual propellers 
turning at a speed difference of 100 rpm. In this way a good time average 
could be obtained for the rotating Interaction pattern, yet the tones from the 
two propellers could be Included In the same filter band. Narrowband spectra 
from 0 to 10 000 Hz with a 32-Hz bandwidth were used. In addition, because of 
the 100-rpm speed differential extremely narrowband spectra could be obtained 
at each tone to separate the tones from the front and rear propellers. The 
angle-of-attack effects on noise could thus be determined for each propeller. 
These spectra were typically 80 Hz wide with a 1/2-Hz bandwidth. 


Operating Conditions and Angle-of-Attack Operation 

The wind tunnel was operated at an axial Mach number of 0.72 for these 
experiments, and the propeller was tested at 0°, 2°, 4°, -2°, and -4° angle of 
attack a. (For positive angles the model was tipped toward the celling; for 
negative angles It was tipped toward the floor.) By testing at both positive 
and negative angles of attack the noise could be evaluated effectively on all 
four sides of the propeller by taking measurements on only the celling plate 
and one side wall. That Is, the side wall at a = -2° represents the opposite 
wall from that at a = 2°, etc. 

The propeller test rig was taken to angle of attack In two steps as shown 
In figure 4. The test rig was first pivoted about a point on the support strut 
(fig. 4(a)). This both put the propeller at angle of attack and moved It 
above the tunnel centerline and aft of Its original location. The strut sup- 
port was translated along Its axis to bring the propeller back to the tunnel 
centerline (fig. 4(b)). However, this changed the propeller's axial position 
(moved It downstream at positive angles of attack, fig. 4(c)) and thus the 
angular position of the transducers with respect to It (table II). This 
angular change was reflected In the data plots. Because the propeller was 
brought back to the tunnel centerline, the changes In distance from the pro- 
peller to the transducers were small. Therefore no distance correction was 
applied to the noise data. 
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RESULTS AND DISCUSSION 


In a generalized spectrum from a counterrotation propeller (fig. 5(a)) the 
front propeller (F7) generates a blade passing tone at BPF] and harmonics at 
2BPFi, 3BPFi, etc. The aft propeller (A7), turning faster, generates a blade 
passing tone at BPF2 and harmonics at 2BPF2, 3BPF2, etc. Interaction tones are 
generated at frequencies where the multiples of the blade passing tones are 
summed (e.g., BPFi + BPF 2 or 2BPFi + BPF 2 ). For the particular conditions 
of this test the two propellers had the same number of blades and were operated 
at a speed difference of approximately 100 rpm. Therefore for the general 0- 
to 10 000-Hz spectra (32-Hz bandwidth) the harmonic tones fell Into the same 
narrow band and were not resolved Into separate tones (fig. 5(b)). For 
Instance BPF-j and BPF 2 fell together as one tone, and the tones at 2BPF-|, 

BPFi + BPF 2 , and 2 BPF 2 fell together as one tone. The noise values measured 
In the fundamental and second harmonic bands (32 Hz) for the different angles 
of attack are listed In table III. Some of the data channels had extraneous 
electronic "noise" that provided an artificial "floor" on the data. The first 
two harmonics (BPF and 2BPF) were sufficiently above this floor so that their 
values were considered accurate. However, beyond 2BPF the propeller tones 
were too close to this floor and are therefore not reported. 

As a result of the Intentional 100-rpm difference In speed the separate 
propeller tones were measurable (as In fig. 4(a)) If a very narrowband (1/2 Hz) 
spectrum (e.g., fig. 5(c)) was taken about each tone. These results are listed 
In table IV. 

In this section the tones at the blade passing frequencies are discussed 
first, followed by those at twice the blade passing frequencies. In each group 
the results for each propeller, taken from the very narrowband spectrum, are 
discussed first, followed by the total noise measured with the 32-Hz bandwidth. 


Tones at Blade Passing Frequencies 

Front propeller . - On the celling plate the front-propeller noise went 
down at positive angles of attack (fig. 5(a)) and went up slightly at negative 
angles of attack (fig. 5(b)). As much as a 7-dB reduction was observed at 
a = 4° at about the 63° position. The noise reduction at positive angles of 
attack appeared to be greater than the noise Increase at negative angles of 
attack. (The celling at negative angles of attack corresponds to the tunnel 
floor at positive angles of attack; so at positive angles of attack, the noise 
on the floor would Increase.) 

On the tunnel side wall the trend was reversed. At positive angles of 
attack the front-propeller noise went up, as much as 5 dB (fig. 7(a)) and at 
negative angles of attack the noise tended to go down (fig. 7(b)). (Note that 
the forward propeller rotated clockwise as viewed from upstream.) These noise 
changes are significant and could have a measurable effect on passenger 
acceptance of advance turboprop aircraft. 
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Rear propeller . - On the celling plate some rear-propeller noise Increases 
were observed with positive angles of attack (fig. 8). These changes were not 
as strong or well defined as those measured In the front-propeller tones and 
were In the opposite direction. The front-propeller noise behaved like that 
of single-rotation propellers (refs. 1 to 3), but the rear-propeller noise 
exhibited opposite trends. 

On the tunnel side wall the rear-propeller blade passing tone did not 
change much with angle of attack (fig. 9). The noise at both positive and 
negative angles of attack was about the same. 

Simple noise generation model . - A simplified model of the noise gener- 
ation at angle of attack will aid In Interpreting these results. Figure 10(a) 
shows a propeller operating In a wind tunnel as viewed from upstream. The pro- 
peller rotates clockwise, and for these purposes Is shown with four blades, one 
each at positions A, B, C, and 0. As the propeller goes to positive angle of 
attack (fig. 10(b)), the propeller blade's angle of Incidence to the flow 
changes as the blade goes from position to position. 

Figure 10(c) Illustrates the angle of Incidence changes for an Individual 
propeller blade. At position A the lift on the blade would be reduced. At 
position C, 180° away from position A, the lift would be Increased. At posi- 
tions B and 0 little change In lift would occur. So In moving from position B 
to position C the lift would Increase to the maximum roughly at position C. 

Then In moving to position D the lift would decrease to that for a = 0°. The 
lift would decrease further In moving past position D until It exhibited the 
minimum lift at roughly position A. 

These lift fluctuations create noise, which Is radiated from the blade 
and measured by the celling plate and side-wall transducers. For this model 
It Is assumed that the generated noise radiates roughly perpendicular to the 
advancing side of the blade, as confirmed by the results of reference 5 on 
wing shielding. 

If the blade lift responded Instantaneously to the velocity fluctuation 
and radiated the noise, the noise Increase would be measured on the surface 
approximately 90° from the location of the lift Increase. In other words 
Increased lift at position C would cause Increased noise at position D. Since 
the lift starts to Increase just after position B, the measured noise should 
show an Increase starting just after position C. The maximum lift Increase 
would be at position C, and the maximum noise Increase would be 90° away at 
position D (fig. 11). The direction of rotation In this model Is the same as 
for the front propeller of the counterrotation propeller tested. As observed 
In the front-propeller blade passing tone section the noise on the celling 
plate decreased at positive angles of attack and Increased at negative angles 
of attack. The Increase of celling noise at negative angles of attack corre- 
sponds to an Increase of the floor noise at positive angles of attack. The 
measured noise then behaved roughly as would be expected from the noise model. 
However, on the side wall (position C) noise Increased at positive angles of 
attack and decreased at negative angles of attack. So although the measured 
noise pattern was roughly that expected from the model, It was rotated slightly 
and may look generally like that shown In figure 12. 
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This noise pattern rotation could result from the propeller blades' 
response to velocity changes. An airfoil's lift response to a gust depends on 
the reduced frequency of the Incoming velocity disturbance with respect to the 
airfoil. The reduced frequency g> Is the product of ir times the blade 
chord C divided by the wavelength L of the Incoming disturbance, « = irC/L. 

Sears (ref. 6) evaluated the lift response of an Isolated airfoil to a 
transverse sinusoidal gust. The response function for an Isolated airfoil and 
the amount of delay are controlled by u (fig. 13). 

The chord on the outer part of the model blade Is approximately 5 cm 
(2 In.). The blade encounters a complete disturbance cycle once every revolu- 
tion, so the Incoming wavelength Is approximately the circumference of the 
propeller tip circle. Because the propeller diameter Is approximately 61 cm 
(24 In.), the calculated reduced frequency u Is approximately 0.1. 

Looking at figure 13 and calculating the phase angle from the real axis 
would Indicate that the response should lead the disturbance. Comparing 
figures 11 and 12 shows that the observed response did lead the Instantaneous 
noise model - by a larger amount than might be suggested by figure 13 although 
the trends were In the same direction. The front-propeller noise Increases at 
angle of attack were then roughly as expected from the noise model when the 
blade response was Included. 

The front propeller of this counterrotation propeller had noise changes 
similar to those for single-rotation propellers (refs. 1 to 3). In other words 
It behaved like a single propeller. 

The rear propeller rotated In the opposite direction from that shown In 
figure 10(a). If the rear propeller were operating as a single propeller at 
positive angle of attack, the lift increase would be at position A, and the 
expected noise Increase for Instantaneous response would be on the floor, posi- 
tion D. A noise Increase for the aft propeller was, however, measured on the 
celling plate at positive angles of attack, roughly 180° from where It was 
expected. This shift cannot now be explained except to say that the passage 
of the disturbance through the front propeller seems to delay the noise 
response of the rear propeller by roughly half a revolution. 

Total tone . - The variation of the total blade passing tone at angle of 
attack taken from the 32-Hz bandwidth spectrum, where the tones from the two 
propellers are In the same narrow band, are plotted In figures 14 and 15. 

The total blade passing tone measured on the celling plate did not change 
much with angle of attack (fig. 14), only slightly decreasing around 90°. This 
lack Is explained by the Individual propeller tones at angle of attack. The 
front-propeller noise on the celling plate decreased at positive angles of 
attack while the rear-propeller noise Increased. The net result was not much 
change In the total . 

The total noise on the tunnel side wall (representing the fuselage) 
Increased with positive angle of attack (fig. 15(a)) - again as the result of 
changes In the two propeller tones. The rear-propeller noise changed only 
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slightly while the front-propeller noise Increased. The net result was a noise 
Increase on the down-inboard side of the propeller with angle of attack. To 
minimize angle-of-attack noise on the fuselage, the front propeller should be 
operated up-inboard with respect to the fuselage. 

As Is obvious from figures 14 and 15 It would be hard to Interpret the 
measured noise variations with just the total noise spectra. Therefore 
counterrotation propeller noise data at angle of attack should be taken so 
that the two rotor tones can be separated. In other words, the propellers 
should have unequal numbers of blades or unequal speeds. 


Tones at Twice Blade Passing Frequencies 

Front propeller . - On the celling plate the front-propeller tone at twice 
blade passing frequency went down at positive angles of attack (fig. 16(a)) and 
went up at negative angles of attack (fig. 16(b)). The same trend was Indi- 
cated for the blade passing tone on the celling plate. 

On the tunnel side wall the front-propeller noise trend with angle of 
attack was not as pronounced (fig. 17). The tone at twice blade passing fre- 
quency did not change much at a = 2° but went up at a = 4°. The tone also 
did not change much a = -2° but went down at a = -4°. These trends were 
similar to the blade passing tone results but not as pronounced. 

In general the front-propeller tone at twice blade passing frequency 
behaved like the blade passing tone. The noise generation pattern (fig. 12) 
for the harmonic Is similar to the directivity of the blade passing tone. 

Rear propeller . - On the celling plate the rear-propeller noise Increased 
at some positions at positive angles of attack (fig. 18(a)). This Increase 
was similar to but not as great as that for the blade passing tone. At nega- 
tive angles of attack the results were mixed (fig. 18(b)). 

On the tunnel side wall there was no clear change In the tone with angle 
of attack (fig. 19) - again like the blade passing tone results. 

Interaction tone at sum of front- and rear-propeller blade passing 
frequencies . - Not much change In the Interaction tone was observed on either 
the celling plate or the side wall (figs. 20 and 21). The Interaction tone Is 
thought to be generated by the wakes and vortices of the upstream propeller 
Interacting with the downstream propeller (ref. 7). Here the Interaction noise 
was not greatly affected by operation at angle of attack. 

Total tone . - The variation of the total tone at twice blade passing fre- 
quency was taken from the 32-Hz bandwidth spectra, where the tones are In the 
same narrow band. On the celling the total tone decreased somewhat at positive 
angles of attack (fig. 22) - but not nearly as much as the front-propeller tone 
at twice blade passing frequency (fig. 16) because the rear-propeller tone and 
the Interaction tone were Included In the same narrow band. 

On the tunnel side wall the total tone measurement gave mixed results 
(fig. 23). Some noise Increase occurred at "a = 4°, but not much change 
occurred at negative angles of attack. 
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The Inclusion of all of the tones In one narrow band masked what was 
happening to each separate tone. As the harmonic number Increased and more 
and more tones were Included (fig. 5(a)), the problem became greater. This 
further emphasizes the Importance of taking counterrotation noise data so that 
the two propeller tones can be separated. 


CONCLUDING REMARKS 

The noise of a counterrotation propeller at angle of attack was measured 
In the NASA Lewis 8- by 6-Foot Supersonic Wind Tunnel at cruise conditions. 

The noise was measured on a plate suspended from the celling and on the tunnel 
side wall. The front and rear propellers had the same number of blades but 
were operated at a 100-rpm speed difference. This enabled the propeller tones 
to be separated by using a very narrowband (1/2 Hz) analysis. Total noise at 
each harmonic was obtained by a 32-Hz-bandwldth, 0- to 10 000-Hz-spectra 
analysis. 

The front-propeller blade passing tone decreased on the celling plate and 
Increased on the side wall when the propeller went to positive angles of 
attack. The decrease on the celling was as much as 7 dB, and the Increase on 
the side wall (fuselage location) was approximately 4 dB for a down-inboard 
propeller rotation. The rear-propeller blade passing tone Increased on the 
celling plate but showed little change on the side wall at positive angles of 
attack. The front-propeller noise behaved like that of a single-rotation pro- 
peller, but the rear-propeller noise exhibited opposite trends. The noise 
changes at angle of attack are significant and could measurably affect 
passenger acceptance of an advanced turboprop aircraft. A simplified model 
was explored to show how the observed noise patterns might be obtained. 

The total noise pattern at the blade passing frequency, taken from the 
32-Hz bandwidth spectra, showed little noise change on the celling plate and 
an Increase on the side wall at positive angles of attack. The lack of change 
on the celling resulted from adding the front-propeller noise decrease and the 
rear-propeller noise Increase. The Increase on the side wall (fuselage loca- 
tion) came from the front-propeller noise Increase combined with no change In 
the rear-propeller noise and Implies a preferred airplane configuration. The 
side-wall total noise Increase at positive angles of attack represents what 
would be measured on the fuselage for a counterrotation propeller with Its 
front propeller rotating down-inboard. The noise for the other side, up- 
inboard, did not Increase and may have decreased slightly. Therefore to mini- 
mize the fuselage noise at positive angles of attack, the front propeller of a 
counterrotation propeller should rotate up-inboard. This would require 
oppositely rotating propellers on opposite sides of the fuselage. 

The total angle-of-attack noise at the blade passing frequency would be 
very hard to properly Interpret without being able to separate the front- and 
rear-propeller tones. Thus again counterrotation noise data at angle of attack 
should be taken so that the tones from each propeller can be separated. 

The results with the second harmonic ( 2BPF ) tones were similar to the 
results with the blade passing tone but were not as pronounced. For example, 
front-propeller tone at twice blade passing frequency decreased on the celling 
plate at positive angles of attack. The Interaction tone Is thought to be 
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caused by the upstream blade wakes and vortices striking the downstream pro- 
peller. The lack of change at angle of attack Indicated that the Interaction 
noise mechanism was probably not being affected by angle-of-attack operation. 
The total angle-of-attack noise at twice blade passing frequency, being the 
sum of separate propeller tones and the Interaction tone, would be hard to 
Interpret by Itself. This further emphasizes the need to be able to separate 
the rotor tones In order to Interpret the data correctly. 
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TABLE I. - DESIGN CHARACTERISTICS OF F7-A7 


COUNTERROTATION PROPELLER 


Number of blades 

a 8/8 

Design cruise Mach number . , . 

0.72 

Nominal diameter, cm (in.) . . 

. 62.2(24.5) / 60 .7(23.9) 

Nominal design cruise 
tip speed, m/sec (ft/sec) . . 

238(780) 

Nominal design advance ratio . 

2.82 

Hub-to-tip ratio 

0.42 

Geometric tip sweep, deg . . . 

34/31 

Activity factor 

150/150 

Design power coefficient 

based on annulus area . . . . 

4.16 


a Front propeller/rear propeller. 


TABLE II. - TRANSDUCER ANGULAR POSITIONS 


Trans- 

ducer 3 

Propeller angle of attack. 

O. deg 

0 

2 

4 

-2 

-4 


Angle from propeller test rig 


centerline axis, deg 

IP 

63 

58 

53 

68 

73 

2P 

72 

67 

62 

78 

83 

3P 

90 

84 

79 

95 

101 

4P 

99 

94 

88 

105 

no 

5P 

110 

105 

99 

115 

120 

1W 

63 

60 

57 

66 

69 

2W 

72 

69 

66 

76 

79 

3W 

89 

85 

82 

92 

96 

4W 

99 , 

96 

92 

103 

|106 

5W 

110 

107 

103 

113 

116 


a P denotes plate transducers; W denotes 
side-wall transducers. 




TABLE III. - PROPELLER TONE NOISE FROM 0- to 10 OOO-Hz SPECTRA 
(a) Angle of attack, a, 0° (b) Angle of attack, a, 2° 


Trans- 

ducer 3 

Blade passing 
frequency 

Twice blade passing 
frequency 

Sound pressure level, dB 

mm 


139.5 

mm 

i 

142.5 

■9 

It 3C9 1 

148.0 

4P 

156.0 

147.5 

5P 

159.5 

146.0 

1W 

150.0 

141.0 

2W 

152.0 

137.0 

3W 

150.0 

135.5 

4W 

159.0 

144.0 

5W 

158.5 

147.0 


(d) Angle of 

attack, a, -2° 

IP 

153.0 

143.5 

2P 

159.0 

149.5 

3P 

156.5 

153.0 

4P 

159.5 

149.0 

5P 

159.0 

152.0 

1W 

150.5 

137.5 

2W 

148.0 

138.0 

3W 

155.0 

143.0 

4W 

156.5 

146.0 

5W 

154.0 

146.5 



Blade passing 

Twice blade passing 

9 

frequency 

frequency 

1 1 

Sound pressure level, dB 

ip 

151.5 

142.0 

2P 


143.0 | 

3P 

157.5 

148.0 

4P 

158.5 

150.5 

5P 

159.5 

149.0 

1W 

150.0 

140.5 

2W 

149.0 

136.5 

3W 

153.0 

139.5 

4W 

157.5 

143.5 

5W 

155.5 

147.5 

(c) Angle of attack, a, 4° 

IP 


139.5 

2P 


141.0 

3P 


146.5 

4P 

1 RH 

147.0 

5P 


148.5 

1W 

149.5 

136.5 

2W 

151.5 

140.5 

3W 

154.0 

142.0 

4W 

157.5 

142.5 

5W 

159.5 

144.0 

(e) Angle of attack, a, -4° 

IP 

157.5 

145.0 

2P 

155.0 

150.0 

3P 

159.5 

152.0 

4P 

160.5 

150.5 

5P 

157.5 

147.5 

1W 

146.5 

137.0 

2W 

150.0 

136.5 

3W 

155.5 

144.5 

4W 

156.0 

146.0 

5W 

155.0 

143.5 


a P denotes plate transducers; W denotes side-wall transducers. 
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TABLE IV. - PROPELLER TONE NOISE FROM EXTREMELY NARROWBAND SPECTRA 


(a) Angle of attack, a, 0* (b) Angle of attack, a, 2* 


Trans- 

ducer 3 

bpf f7 

BPF A7 

2BPF F7 

BPF F7 

bpf A7 

2BPF A7 


Trans- 

ducer 3 

bpf F7 

BPF A7 

2BPF F7 

bpf f7 

bpf A7 

2BPF A7 

IP 

147.0 

147.5 

135.5 

127.0 

132.0 


IP 

145.0 

141.5 

130.5 

132.0 

128.0 

2P 

153.0 

146.0 

137.0 

135.0 

128.5 


2P 

147.0 

147.0 

133.0 

131.0 

133.0 

3P 

152.0 

154.0 

145.0 

134.0 

137.0 


3P 

151.5 

154.5 

139.0 

137.0 

142.5 

4P 

155.0 

153.5 

142.5 

129.5 

142.0 


4P 

148.0 

154.0 

137.0 

132.0 

136.5 

5P 

156.5 

155.0 

136.0 

137.5 

144.0 


5P 

154.0 

155.5 

139.5 

132.0 

139.0 

1W 

148.5 

139.5 

133.0 

132.5 

126.5 


1W 

146.0 

145.5 

136.0 

129.5 

131.0 

2W 

145.0 

145.5 

122.0 

126.0 

(b) 


2W 

148.0 

146.5 

123.0 

131.0 

123.0 

3W 

148.5 

149.5 

137.0 

126.0 

124.0 


3W 

148.0 

145.0 

132.0 

118.0 

117.0 

4W 

153.5 

153.5 

139.0 

132.5 

136.0 


4W 

155.0 

154.0 

136.5 

133.0 

137.5 

5W 

151.0 

151.5 

142.0 

136.0 

141.0 


5W 

154.0 

153.5 

142.0 

137.0 

135.5 


(c) Angle of attack. 

a, 4* 
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Translating acoustic plate suspended from wind tunnel 


Figure 3. 
ceiling 




(a) Test rig rotates about point 

BELOW TUNNEL WALL. 


(b) Test rig translates along strut axis to 

TUNNEL CENTERLINE. 


Axial movement 



(c) Propeller at angle of attack has its 

CENTER DISPLACED AXIALLY IN TUNNEL. 


Figure 4. - Angle-of-attack operation. 


Sound pressure level. dB 




Harmonics 


(a) General counterrotating propeller noise spectrum. (BPF-, denotes blade passing frequency of propeller 1; BPF 2 denotes 

BLADE PASSING FREQUENCY OF PROPELLER 2.) 



(b) Spectrum with equal number of blades and equal speed. 



Figure 5. - Noise spectra. 



(b) Negative angles of attack. 

Figure 6. - Blade passing tone of front propeller (F 7) 

ON CEILING PLATE. 



(a) Positive angles of attack. 



Transducer angle, 0, deg 


(b) Negative angles of attack. 

Figure 7. - Blade passing tone of front propeller (F7) on 
tunnel side wall. 



Sound pressure level / dB (ref. 2x10 d N/m 




Figure 8. - Blade passing tone of rear propeller (A7) on 

CEILING PLATE. 


Sound pressure level, dB (ref. 2x10 5 N/m 2 ) 
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(a) Positive angles of attack. 



(b) Negative angles of attack. 

Figure 9. - Blade passing tone of rear propeller (A7) on 
TUNNEL SIDE WALL. 
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(a) Propeller front view. 
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ANGLE OF 
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figure 10. - Propeller orientation. 








D 

Figure 12 . - Polar plot of noise at angle of attack. 



Sound pressure level, dB (ref. 2x1(f b NAr) 



Figure 13. - Variation of response function with reduced 

FREQUENCY PARAMETER U . 




Figure 14. - Total blade passing tone on ceiling plate. 


Sound pressure level, dB (ref. 2x10 5 N/m 2 ) 




Figure 15. - Total blade passing tone on tunnel side wall. 




Transducer angle, 0, deg 


(b) Negative angles of attack. 

Figure 16, - Twice blade passing tone of front propeller (F7) 

ON CEILING PLATE. 


Sound pressure level, dB 


120 


(a) Positive angles of attack. 



Figure 17. - Twice blade passing tone of front propeller 
(F7) at tunnel side wall. 


Sound pressure level, dB (ref. 2x10 5 N/m 2 ) 




(b) Negative angles of attack. 

F 1 G . u R E , 18. - Twice blade passing tone of rear propeller 
(A7) on ceiling plate. 






Sound pressure level, dB (ref. 2x10 5 N/m 2 ) 




Figure 20. - Interaction tone at sum of front- and rear- 
propeller BLADE PASSING FREQUENCIES ON CEILING PLATE. 
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(a) Positive angles of attack. 



Figure 21. - Interaction tone at sum of front- and rear- 

propeller BLADE PASSING FREQUENCIES ON TUNNEL SIDE WALL. 



Sound pressure level / dB (ref. 2x10 N/m ) 




Figure 22. - Total tone at twice blade passing frequency on 

CEILING PLATE. 


Sound pressure level, dB (ref. 2x10 d N/m 




Figure 23. - Total tone at twice blade passing frequency 
on tunnel side wall. 
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